The intracytoplasmic ground substance, or matrix, associated with the development of rabies virus and the nucleocapsid of the virus were investigated. The filaments of the matrix were identified as virus-specific by means of ferritin-labeled antibodies. In thin sections, the diameter was 15 nm and the strands seemed to be incorporated into virions during morphogenesis of the virus. The nucleocapsid was isolated from purified virus preparations and was studied in negative contrast. The rabies nucleocapsid appeared as a single-stranded helix with a diameter of 16 nm and a periodicity of 7.5 nm; its length was in excess of I ,im.
The morphogenesis of rabies virus is inevitably associated with the formation of an intracytoplasmic ground substance or matrix. This has been observed in brain tissue of mice (14, 23, 24, 29) as well as in tissue cultures (3, 8) .
This filamentous matrix constitutes the material of the Negri body in the infected brain of animals (25) , and its development precedes the formation of virus particles, as studied in tissue cultures (13) . Fluorescent antibody studies have yielded indirect evidence that the substance of the Negri body, as well as the same matrix in infected tissue cultures, is specific for the rabies virus (2, 10) . From the foregoing evidence it was suggest.d that the strands which constitute the matrix are the nucleoprotein of the virus (13) .
A method has recently been developed which allows for production of highly purified rabies virus (32) . With this method, animals injected with the purified virus preparations develop high concentrations of specific antibody in their sera. These sera, after conjugation with ferritin, provide direct evidence that the strands in the matrices are indeed virus-specific and thus give some insight into the role of these strands in the morphogenesis of rabies virus. Furthermore, isolation of the nucleocapsid from purified virus, containing all of the viral ribonucleic acid (RNA), permits the determination of its structure and its identification with the strands of the matrix.
MATERIALS AND METHODS
Vir-us. The challenge virus standard (CVS), Flury high egg passage (HEP), and Pitman-Moore (PM) fixed strains of rabies virus were used, as indicated below.
Vir-us-tissue culture systems. (i) In the ferritin conjugate experiments, monolayers of BHK-21 cells (22) were maintained in Basic Medium Eagle (BME) in Hanks' solution supplemented with 10%'-fetal calf serum. After removal of the medium, the cell monolayers were washed and exposed for 1 hr at 37 C to CVS-virus at a multiplicity of 5. The virus was suspended in maintenance medium consisting of 2c%, fetal calf serum in BME to which 50 ,ug of diethylaminoethyl dextran per ml had been added (15) . After virus adsorption, the cell monolayers were washed, maintenance medium was added, and the cultures were incubated at 34 C. (ii) To prepare purified virus for immunization, the PM strain was grown in Nil-2 cells (9) and processed as described previously (32 Electron microscopy. Thin sections were stained with uranyl acetate and lead citrate and were viewed in a Siemens Elmiskop electron microscope at a magnification of 10,500 X. For demonstration in negative contrast, a drop of the previously dialyzed gradient band containing the nucleoprotein component was transferred to a carbon-covered Formvar grid by means of a platinum loop. A drop of phosphotungstic acid (pH 6.8) was added to this, and the excess fluid was removed by filter paper. The preparation was transferred into the electron microscope while still moist and was viewed at a magnification of 50,000 X.
RESULTS
Changes observed and described previously (13) could be seen in sections of infected BHKcells. Formation of extracellular virus particles on cell surface membranes, budding of the particles into cytoplasmic vacuoles, and presence of strands forming the ground substance were evident.
The recognized virus particles in the extracellular environment were labeled distinctly (Fig.  1) . Virus particles budding into or lying free in cytoplasmic vacuoles (Fig. 2) and previously observed long rods (Fig. 3) were also specifically labeled. The attachment of antibody-ferritin complexes to these morphologically identifiable particles and the absence of such label on cell constituents demonstrated the specificity of the reaction. The distribution of the ferritin on single particles was of interest. Longitudinal sections through a particle (Fig. 4a ) or above it (Fig. 4b and c) gave the impression of ferritin attachment on the spikes of the viruses, following the honeycomb array of the spikes (Fig. 4c ) which has been described previously (13) .
The matrices were found to be labeled heavily, to the exclusion of all other cell constituents (Fig.  5) . At a higher magnification, the label was restricted to the strands of the matrix (Fig. 6) . Measurements of these strands varied, depending on the plane of sectioning and possibly the embedding procedures used. In areas indicating proper longitudinal sections, the diameter of the strands was about 15 nm.
The relationship of the strands to the budding virus particles can be seen in Fig. 7 . The labeled strands are near the cell surface, some of them seemingly reaching into the virus particles forming on the membrane. This is also evident in Fig.  8 ; in this figure, the matrix material bears a close relationship to the virus particle which has been synthesized on the membrane. The early budding process is shown in both figures. A thickening of the membrane is evident with labeled filaments as an inner lining.
The nucleoprotein component obtained from purified virus preparations is illustrated in Fig. 9 . The single stranded helix had an average outside diameter of 15.6 nm and a periodicity of 7.5 nm. The single strand itself was about 3 nm wide. These measurements must be considered as approximations, because the coils exhibited an irregular periodicity. This lability may be an inherent property of the rabies nucleocapsid or an artifact resulting from the procedures used. Most It can be stated, nevertheless, that they were at least 1 ,um long, on the basis of measurements in areas where measurement was feasible.
DISCUSSION
The identification of complete rabies virions by means of ferritin-conjugated antibodies has been described by Atanasiu et al. (4) . The main interest of the present investigation centered on the nature of the fibrils which constitute the characteristic matrix and their role in the morphogenesis of rabies virus. Morphogenesis of the investigated strain of fixed rabies virus parallels that of certain myxoviruses. The assembly of the viral components is similar to that of some paramyxoviruses, such as parainfluenza type 2 or SV 5, although the nucleoprotein component is narrower (6, 12) . The intracytoplasmic ground substance consists of strands about 15 nm in diameter, as measured on their sections. Synthesis of the nucleoprotein substance occurs in the cytoplasm, with subsequent virus assembly on membranes. A possible mechanism of incorporation of the ribonucleoprotein into viral particles during their maturation on membranes was observed only infrequently when labeled strands could be seen to be associated with the budding particle. In most instances, the nucleoprotein fibrils were only found near the budding site or they were absent in the plane of the section.
Intracytoplasmic inclusions consisting of helices have been described for another member of the rabies group of viruses, namely the virus of viral hemorrhagic septicemia of the rainbow trout. Similar to the paramyxoviruses, these helical strands have a diameter of 18 nm in sections (34) .
The ability to grow rabies virus in tissue cultures to relatively high titers and then to purify it made it possible to investigate the structure of the ribonucleoprotein in negative contrast.
The following evidence indicates that the helices in Fig. 9 represent the viral nucleoprotein: (i) the band obtained after centrifugation in a sucrose density gradient of deoxycholate-disrupted purified virus contained essentially all of the RNA present in the original virus preparation, and (ii) this material reacted strongly in complement fixation tests with specific antiserum but did not yield any hemagglutinin. The incorporation of the matrix strands into capsids during the morphogenesis of the rabies virus and their diameter in sections make it obvious that they are identical with the nucleocapsid isolated from virions, as seen in negative contrast.
The data obtained are consistent with the data of Pinteric and Fenje (28) , who found helical structures 15 to 16 nm in diameter after disruption of partially purified virus; however, these structures were not shown to contain the viral RNA.
Similarly, vesicular stomatitis virus, another member of this group, was found to release helices with a diameter of 15 nm after disruption (7, 20, 31) .
The morphology of the nucleocapsid of the investigated rabies strain exhibited a close relationship with the nucleocapsids of some myxoviruses of subgroup II, such as SV (5), Newcastle diseas2 virus (16) , and HVJ (11) . Biophysical data have emphasized this similarity (Sokol et al., in preparationz) . It would be premature, nevertheless, to classify rabies virus in the myxovirus group. The striking morphology of the virion sets it apart from myxoviruses. (27) , and the green monkey agent or Marburg virus (17, 30, 33) .
There may also be differences in the morphogenesis of various rabies virus strains because previously we described the emergence of particles in the matrices without obvious involvement of pre-existing cell membranes. This was not observed in the present experiment in which a different strain of fixed rabies virus was used. Differences in the pathogenesis of rabies virus strains have been described. Miyamoto and Matsumoto (26) found that, whereas street virus infections resulted in the production of large Negri bodies in mouse brain, fixed virus strains induced only small amounts of matrices in neurons but exhibited marked cytopathogenicity. These differences in pathogenesis may also extend to morphogenesis.
No qualitative differences in antigenicity between fixed strains was evident in the present study. Although immune serum was prepared against PM virus and the experimental agent used was the CVS strain, both the nucleoprotein strands and the virus coat were effectively labeled, and the nucleocapsid obtained from HEP-Flury strains reacted strongly with anti-PM serum in the complement fixation test. The antigenic composition and the discrepancy in development of these viruses require further investigation.
